Management costs for gastroesophageal reflux disease are high because of the expensive medications used for maintenance therapy. Previous studies have illustrated the success of step-down from proton pump inhibitors (PPIs) to less-expensive therapy once symptoms have abated. This study was conducted to determine whether patients requiring greater than single-dose PPI for initial symptom resolution could be stepped-down to single-dose PPI and whether this intervention decreased costs or adversely affected quality of life.
INTRODUCTION
Considerable resources are required to manage gastroesophageal reflux disease (GERD). Proton pump inhibitors (PPIs) are the greatest outpatient pharmacy expenditure in the U.S. Department of Veterans Affairs (VA) nationwide, accounting for greater than $100 million annually (1) , this despite deep discounts in the procurements costs of formulary PPIs. Additionally, the proportion of patients prescribed greater than single-dose PPI is as high as 30%. It is not known whether the use of greater than single-dose PPI is due to the presence of severe disease, provider prescribing habits, or inability of the formulary drugs to control symptoms with lower doses.
Long-term PPI therapy might not be required for all GERD patients. Histamine 2 -receptor antagonists (H2RAs) have also been shown to effectively treat GERD symptoms and heal esophagitis (2) (3) (4) . Additionally, we have previously shown that in certain settings, the majority of patients prescribed PPIs for GERD symptoms (heartburn or acid regurgitation) remain asymptomatic despite discontinuation of PPIs and institution of less-expensive medication, such as H2RAs or no medication (5). Finally, not all patients prescribed PPIs for GI complaints have GERD; a sizable number have functional dyspepsia that might respond to different strategies of acid suppression (6 -10) .
We wished to examine the group of patients at our medical center who had reflux-type symptoms completely relieved with greater than single-dose PPI. The objective of this study was to determine the feasibility of stepping-down patients from greater than single-dose PPI to single-dose therapy and to assess the impact of this intervention on management costs and patient quality of life.
MATERIALS AND METHODS
The population studied was composed of patients receiving greater than single-dose PPI, defined as greater than lansoprazole 30 mg daily or omeprazole 20 mg daily, for the treatment of heartburn or acid regurgitation from the VA Ann Arbor Healthcare System. This system encompasses several outpatient facilities in Michigan and Ohio, as well as the main medical center in Ann Arbor, Michigan. Patients were identified from a list generated through the VA computerized pharmacy database (pharmacy module of VISTA). Because PPIs might be prescribed for short periods of treatment for non-GERD indications, such as Helicobacter pylori eradication, only prescriptions filled for greater than 8 wk were considered. The process of PPI step-down was a mandated part of clinical care; however, completion of research materials, including quality-of-life instruments, required informed consent. The study was approved by the local research and human studies committees.
Identified patients were invited to attend a medical specialty clinic, staffed by a clinical pharmacist under the supervision of a gastroenterologist (the Heartburn Clinic). During the initial visit, patients were interviewed, and their PPI regimen and indication for treatment was assessed. Patients were eligible for the study if they were taking greater than single-dose PPI and had denied symptoms of heartburn or acid regurgitation on a stable dose of medication for at least 8 wk. Dyspepsia could be present and could have been the dominant or most bothersome symptom; however, patients complaining of dyspepsia in the absence of heartburn or acid regurgitation were not enrolled. Other exclusion criteria included 1) weight loss, 2) evidence of GI bleeding, 3) dysphagia, 4) extraesophageal disease related to acid regurgitation, such as pulmonary or laryngeal disease, and 5) non-GERD esophageal or gastric pathology, such as peptic ulcer, varices, esophageal malignancy, acid hypersecretory states, or motility disorders.
After enrolling in the study, subjects were asked to complete two quality-of-life instruments; the 12-Item Short Form Health Survey (SF-12), to assess generic quality of life, and a validated disease-specific measure (11) . Additional information, including demographic data, height and weight measurements to assess body mass index (BMI), comorbid conditions, concurrent medication use, initial GERD symptoms before therapy, and previous GERD medication were collected at the initial visit.
PPI step-down was performed according to the following strategy. Eligible subjects were prescribed single-dose PPI (lansoprazole 30 mg or omeprazole 20 mg p.o. once daily 1 ⁄2 h before breakfast) at the initial visit and returned for follow-up 2 wk after initiation of step-down therapy. Subjects in whom heartburn or acid regurgitation had not recurred continued on single-dose PPI and were followed at 3-month intervals in the Heartburn Clinic to assess symptom recurrence and were also instructed to contact the clinical pharmacist in the interim if heartburn or acid regurgitation recurred. Subjects in whom symptoms of heartburn or acid regurgitation recurred were placed back on their original PPI dose.
Six months subsequent to the initial visit, the diseasespecific and generic quality-of-life instruments were readministered. The primary outcome variable was the proportion of subjects who were successfully stepped-down to single-dose PPI therapy, defined as having no recurrence of heartburn or acid regurgitation 6 months after PPI stepdown. Secondary outcomes included changes in healthrelated quality of life or pharmacy expenditures, and predictors of successful step-down.
Data Analysis
Descriptive statistics were used to characterize the study population and measure the primary outcome (proportion of subjects successfully stepped-down to single-dose PPI).
To determine the predictors of successful step-down, univariate and multivariable logistic regression analyses were planned. Variables found in the univariate analysis to be significantly associated with successful step-down (p value Ͻ 0.05), were included in a multivariable logistic regression analysis. Changes in quality of life and disease severity were analyzed with paired t tests to assess the effect of the intervention on these variables. Based on previous data concerning PPI step-down management in GERD patients (5), 100 subjects would allow inclusion of five predictor variables into the final logistic model (12) (13) (14) .
Cost analysis was limited to the cost of medications assessed from pharmacy expenditures by the medical center and direct operating cost of the Heartburn Clinic, including the salary and benefits of the clinical pharmacist staffing the clinic.
RESULTS
A total of 298 consecutive patients were evaluated in the Heartburn Clinic. Of these, 126 (42.3%) were eligible for step-down. The other 172 were ineligible for the following reasons: already taking single-dose PPI (81 patients), persistent heartburn or acid regurgitation on current PPI dose (54), not taking PPI for GERD (19), complicated reflux disease, including strictures (8), alarm symptoms requiring additional evaluation (7), esophageal cancer (2), and gastric cancer (1) . Nine (7.1%) of the eligible patients refused to participate in the study, resulting in a total of 117 subjects who enrolled in the study. Follow-up to the primary outcome was achieved in all these 117 subjects. Table 1 presents the patients' baseline characteristics on the variables of age, gender, cigarette use, alcohol use, BMI, initial PPI, and visit site. The mean age was 64.8 yr, and the majority were male, nonsmokers, and did not drink alcohol. Eighty-four patients had undergone esophagogastroduodenoscopy, and four had 24-h ambulatory pH monitoring studies before study enrollment. Of the 117 patients participating in the study, 93 (79.5%) remained successfully stepped-down after the 6-month follow-up period (Fig. 1) . Of those in whom step-down was unsuccessful, the mean failure time (time to reinstitution of original dose of PPIs) was 49.6 days (median 28 days, range 2-280 days). Of the 24 failures, 23 occurred within the first 3 months of follow-up.
Subgroup analysis was performed to determine whether the prior pattern of PPI use impacted the ability to stepdown to single-dose therapy (Table 2) . Of the subjects in the study who had originally been prescribed single-dose PPI before escalation of dose, 77.1% successfully stepped-down to single-dose PPI without recurrence of heartburn or acid regurgitation. Of the subjects who had never been on singledose therapy, 82.1% were successfully stepped-down. There were 19 subjects who had previously attempted step-down from greater than single-dose to single-dose PPI therapy. Despite previous failure in these subjects (recurrence of symptoms requiring PPI dose escalation), 16 (84%) successfully stepped-down to single-dose PPI and remained free of heartburn or acid regurgitation for the duration of the study.
Overall quality of life did not significantly change between baseline and 6-month follow-up. Mean (Ϯ SD) SF-12 physical component summary scores were 31.54 (Ϯ 9.88) at baseline and 29.9 (Ϯ 8.31) at follow-up. SF-12 mental component summary scores were 45.3 (Ϯ 11.9) at baseline and 40.8 (Ϯ 10.6) at follow-up. One question contained in the disease-specific quality of life measure, "During the past 4 wk, how severe has your pain been because of your gastrointestinal symptoms?" resulted in a significant increase between baseline and follow-up scores (p Ͻ 0.05). Disease severity did not significantly change in any other areas, including heartburn and acid regurgitation.
Univariate analysis of baseline demographic data and clinical information revealed that only the duration of PPI use before study enrollment predicted outcome. For every additional year of prior PPI use, subjects were 34% more likely to fail the attempt to step-down to single-dose PPI therapy (Table 3) .
Initial medication cost for this cohort was $115,570 per year. Postintervention medication cost for this cohort was $54,520 per year. The estimated direct cost for operation of the Heartburn Clinic was $27,342 per year (salary and benefits for weighted effort of clinical pharmacist). Estimated cost-savings to the medical center was $33,708 per year for the cohort examined. Figure 1 . Proportion of subjects without recurrent GERD symptoms after PPI step-down. 
DISCUSSION
The purpose of this study was to determine whether patients with symptoms of heartburn or acid regurgitation rendered asymptomatic on multiple-dose PPI therapy could be stepped-down to single-dose therapy. The results illustrate that nearly 80% of participants could be successfully managed with lower doses of PPIs. The success of step-down was predicted only by the duration of PPI use before the study, whereby longer duration was associated with greater recurrence of heartburn or acid regurgitation. All but one subject who failed step-down did so within the first 3 months of observation. Overall quality of life was not adversely impacted by this intervention, whereas sizeable cost savings were realized. The majority of our study population was successfully stepped-down from greater than single-dose PPI therapy to single-dose PPI therapy. These results expand on our earlier study that showed that more than half of subjects in whom PPIs had alleviated reflux-type symptoms remained asymptomatic after discontinuation of PPIs and institution of either less-expensive or no medication (5). It is possible that the basis for both results is that less potent acid suppression is required for maintenance after symptom resolution has been achieved. Additionally, step-down was successful regardless of PPI history. Subjects who had been stepped-up from single-dose to greater than single-dose PPI for persistent heartburn or acid regurgitation were successfully steppeddown in a proportion similar to those who had not previously attempted single-dose PPI therapy. More surprisingly, subjects who had failed a previous trial of single-dose therapy were just as likely to successfully step-down as other subgroups. The only identifiable difference between the study protocol and previous attempts of step-down was the addition of the Heartburn Clinic, where the study pharmacist educated patients about GERD therapy, including lifestyle modifications and correct use of medication (including administration of PPIs 1 ⁄2 h before a meal).
Prior research has shown that patients with endoscopically documented erosive esophagitis require maintenance PPIs to prevent relapse (15, 16) . These studies, however, do not represent the more universal population of patients with heartburn or acid regurgitation, who might not have esophagitis, and therefore should not be used to predict the most effective long-term management therapy of GERD in general. One of the novel aspects of our study is that we did not limit our study to subjects with erosive esophagitis, and therefore our results might be applicable to a more broad population of patients with reflux-type symptoms. It has also been shown that age is a significant factor of successful step-down therapy (5) . It might be that older patients' perception of GERD symptoms is less severe compared with younger patients (17) . In this study, no age significance was found; however, almost all of the subjects in this study experienced successful step-down therapy, resulting in a nonheterogeneous distribution of the final outcome. Peduzzi et al. have shown that it is essential to have at least 10 outcome events per variable evaluated in a logistic regression to avoid errors in the regression coefficients (12) . Thus, the paucity of outcome events in this study might explain why no predictors for successful step-down could be identified (13, 14) .
Limitations to this study include the paucity of young subjects and women, which decreases the generalizability of our results to non-veteran populations. Additionally, our patient population consisted of "real-world" subjects, who had been managed empirically with PPI therapy based solely on relief of symptoms of heartburn and acid regurgitation and who were inferred to have GERD without other objective measures, such as endoscopy or ambulatory pH monitoring. It is possible that some subjects might not have had GERD but some form of functional dyspepsia that responded to acid suppression therapy (7) (8) (9) (10) . This might have resulted in the finding that pain unrelated to heartburn or acid regurgitation increased in the study cohort with reduction of PPI dose. The rationale for greater than singledose PPI therapy was not recorded in most cases, thus it cannot be stated with certainty that all subjects required high-dose PPIs to alleviate their symptoms. Last, the cost analysis reported does not include indirect costs, such as office space, ancillary staff, administrative support, or direct costs that would be incurred in caring for symptomatic subjects. These omissions might also limit the applicability of this analysis to other healthcare settings.
In practice, it might be difficult to definitively confirm the diagnosis of GERD. Thus, we often empirically use acid suppression in patients with symptoms of heartburn and acid regurgitation because this is effective. However, this therapy might improve symptoms not only for GERD but also for functional dyspepsia and other disorders. As a result, errors in diagnosis might be made, thus labeling some patients incorrectly and encouraging the use of long-term acid suppression. This study points out that PPI dose might be titrated after initial symptom resolution.
In conclusion, this study revealed that the majority of patients rendered asymptomatic on greater than single-dose PPI therapy for symptoms of heartburn or acid regurgitation could be successfully stepped-down to single-dose therapy. The success of step-down was not limited to subgroups of our study population, but was instead broadly applicable. It is likely that PPI step-down management of patients with reflux-type symptoms will decrease management costs without adversely affecting quality of life.
